INTRODUCTION
Physical exercise is advocated because it maintains and enhances physical and mental healths.
1,2 On mental well being, exercise is benefi cial to mood and cognition, 3, 4 it reduces stress, decreases anxiety, and alleviates depression. 5 All these subjective experiences in response to acute bouts of aerobic exercise are correlated with brain activity. Previous studies have shown that exercise is associated with changes in brain activity. 6 These changes in brain activities are related with affective and perceptual responses to acute bouts of exercise. 7, 8 Electroencephalography (EEG) is one of the tools to measure the changes in the brain activity in response to exercise.
However, such type of psychophysiological research is studied primarily on male. From the early development, female and male brains differentiate from each other both functionally and structurally. 9 The gender-related brain differences have their impact on the electroencephalographic (EEG) activities. 10 The pattern of brain activity of female in response to same intensity of exercise could be different from male, and accordingly, the subjective experiences also. There are few reports on EEG activity in response to acute exercise between female and male. Moreover, most of the studies have examined few EEG frequency bands using few electrodes. Before comparing the affective experience between female and male in response to acute exercise, normal responses in brain wave activity in response to acute bouts of exercise must fi rst be compared. Therefore, we aimed to investigate how EEG frequency bands change in females in response to acute exercise compared to males.
MATERIALS AND METHODS
This comparative cross-sectional study was conducted on healthy adult (n=30; male=15; female=15), with age ranging from 19 to 29 years in the Neurophysiology Laboratory, Department of Basic and Clinical Physiology, B.P. Koirala Institute of Health Sciences, Dharan, Nepal. In female, the EEG was recorded in the midluteal (20-24 days) phase of their menstrual cycle. Subjects with any cardio-respiratory problem/disease or physical disabilities likely to affect normal performance in the exercise stress test, suffering from seizure disorder and psychoactive substance use disorder, using or having any other drug/disorder that might affect EEG were excluded from the study. Prior to the recording, subjects were advised to come with a clean scalp without oil after two hours of light meal between 9 am to 11 am. Room temperature of the laboratory was maintained at 26±2°C. The subjects were familiarized with the laboratory set up. The experimental protocol was explained and then informed written consent was taken from each subject. The EEG electrodes (Nihon Kohden) were placed at mid-frontal (F3-F4), temporal (T3-T4), central (C3-C4), parietal (P3-P4), and occipital (O1-O2) regions following the International 10-20 System of Electrode Placement. The reference electrodes were placed on the left and right earlobe (A1 & A2). These electrodes were connected to the 16-channel digital EEG machine (Nihon KohdenNeurofax: Optiplex GXMT 5120). Impedance of electrodes was maintained at less than 5 kilohms. The probe of the pulse oxymeter (OLV-1100/1200 series, Nihon Kohden) was placed in the index fi nger to monitor heart rate (HR) and saturation of oxygen. The resting EEG was recorded in a supine position with eyes closed, relaxed condition. It was recorded till alpha waves were observed (more than 50% of the recording) for at least 10 min. Then, the subjects started to pedal the automated bicycle ergometer (Model Ergometrics 900 ergoline D72475 Bitz, Germany) at a rate of 50 rpm for male and 40 rpm for female with the fi xed EEG electrodes on the scalp and keeping oxymeter probe on the index fi nger. They exercised for 20 min, maintaining the 50% of HRmax. To maintain it, the load was increased by 10 watts at every 2 min of exercise till a constant load was reached at 30 and 20 watts for male and female respectively. After exercise, again EEG was recorded in a supine position with eyes closed and recorded till HR returned to the baseline level.
The EEG records were inspected visually for artifacts. Then, artifact free six sec five epochs were selected randomly from each of the pre-and post-exercise sections of the record. Fast Fourier transformation (FFT) was performed on these data for power spectral analysis. The EEG power obtained from each epoch was averaged. Statistical analysis was done using SPSS (version 11.5). Exercise-induced EEG changes were compared between two sexes by Mann Whitney test. EEG power (μV 2 ) is presented as median and interquartile range. A P value of < 0.05 was considered as statistically signifi cant. (Figure 1-c) . They had similar picture on the left side also (Figure 1 
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Immediately after 20 min of aerobic exercise on automated cycle ergometer, the delta values of EEG activity (difference between post exercise and resting) between female and male activity was compared. We found that the delta values of right alpha power were less in female in frontal and central regions compared to male (Table 1) . Also, they had less left central alpha and left temporal beta power compared to male after the acute aerobic exercise (Table 2) .
DISCUSSION
Exercise is associated with changes in brain activity, which is been measured by EEG. 6 The gender-related brain differences are refl ected in the electroencephalographic (EEG) activities. 10 However, there are very few reports on exercise-induced changes in brain activity between the genders. We aimed to investigate how EEG frequency bands change in females in response to acute exercise compared to males.
We found that in females, as compared to males, in both (right & left) hemispheres, resting EEG activity was more in all frequency bands at almost all recorded sites as in other study. 11 The source of variation in EEG power between the genders could be anatomical variations, like, in the properties of the volume conduction system, particularly skull thickness. 12 Li et al reported that the cranium thickness is larger in females particularly frontal, parietal and occipital bones compared to males. 13 There are reports stating signifi cant negative association between skull thickness and electrophysiological parameters like EEG, Magnetoelectroencephalogram (MEG), eventrelated P300. 14, 15 However, Hagemann D et al observed only mediocre associations between the amplitude of resting EEG and skull thickness. On that observation, they concluded that it is the intracranial sources contribute much more variance to the surface EEG than do variations in skull thickness. 12 Skull thickness may be neglected as a potent source of error when individual differences in brain activity are indexed by the magnitude of EEG alpha activity. 12 Therefore, from the various intracranial sources, one of them could be hormonal effect on brain activity which generate variance of EEG powers between the genders.
In order to make uniformity, we have measured EEG in the luteal phase of the menstrual cycle in females. However, most of the studies, similar with ours, have not mentioned in which phase of the menstrual cycle they have recorded the EEG in the females. Early follicular phase have low level of estrogen and progesterone, ovulatory phase have high level of estrogen but low level of progesterone and luteal phase have high level of both progesterone and estrogen. 16 Studies have shown that EEG activity changes with the phases of menstrual cycle in females. 17, 18 According to the phases of menstrual cycle alter cortical excitability in females. Estradiol enhances excitatory neurotransmission whereas progesterone inhibits it. 19, 20 During luteal phase, reports have shown that there is a tendency for increased alpha, and decreased beta power %, refl ecting the effect of progesterone. 18 In a task-condition, like during thinking and mental relaxation, Krug R and his co-investigators found that infl uences of the menstrual phase on EEG activity were most obvious during mental relaxation. In that condition, they observed low alpha and theta activity at frontal and parietal regions during the luteal than ovulatory phase. 17 Accordingly, the pattern of EEG activity induced by exercise must be also changes with the menstrual cycle, which should be considered in females.
Immediately after acute aerobic exercise, we observed less alpha activity in female as compared to male at right frontal and central (right and left) regions. Most studies have reported an increase of alpha activity during and following an acute bout of exercise. 21, 22 Increased alpha activity refl ects a state of decreased cortical activation indication of fatigue, relaxation or decreased anxiety whereas decreased refl ects cortical activation. 23, 24 Our observation showed that females are less relaxed or increased anxiety immediately after acute aerobic exercise as compared to males.
In addition, we found that immediately after acute exercise, in female, beta activity was less in left temporal region as compared to male. Previous studies studying the effect of acute aerobic exercise on brain activity have shown increase in beta activity. [25] [26] [27] These authors suggest that increased beta activity after exercise is related to greater cortical activation. Although the underlying causes of exercise on alteration of EEG power are not clear, several speculations are made. Decrease in cerebral blood fl ow has shown decrease in beta (and alpha) activity. 28 Increase in cerebral blood fl ow as a result of exercise is one of possibility to changes in EEG. 29 The altered brain activity after exercise is also related to an attentional demand and a higher arousal level, 21 and hypothalamic modulation of increased metabolism and temperature. 26 Exercise enhances cortical activation represented by increased beta activity 28, 30 which probably has effect on information processing and psychological variables like attention and arousal. 31, 32 However, all these studies are carried out in males. The difference in beta activity between male and female has been discussed by several papers in terms of gender related differences in cortical architecture, like, the orientation and connections of cortical pyramid cells, the number of cortical neuronal cells and the number of synapses. [33] [34] [35] We observed decreased beta activity in left temporal region in females compared to males immediately after the aerobic exercise. In females, we have measured EEG in luteal phase. Becker et al have shown that the electrical activity of the brain changes in a parallel with changed hormone levels. 36 A study have shown that the cortical arousal and orienting response attenuates during luteal phase. 37 Even there is slight decrease in aerobic capacity during the luteal phase has been reported. 38 There are very few studies on the effect of female hormones on exercise-related changes in female brain activity. Given the same degree of exercise (50% HRmax), we found that the females cortical activation is less or less arouse in luteal phase of menstrual cycle compared to male, which might give gender-related differences in cognitive processing and affect associated with exercise.
We have recorded the exercise-related changes in EEG activity only in the luteal phase of the menstrual cycle. Therefore, future direction would be to record exerciseinduced EEG activity in all phases of menstrual cycle, and then compare each phase of cycle with males. Also, we can study changes in cortical activity with exercise mode and intensity as previous study has shown that these variables infl uence the brain activity.
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CONCLUSION
At rest, females had more power of all the EEG frequency bands than the males. After acute aerobic exercise, the females had decreased alpha activity in right frontocentral regions, and left alpha activity was reduced in central region and beta activity in temporal region compared to males. These reverse response of females compared to males could be due to the effect of ovarian hormones of menstrual cycle in brain activity. In females, estrogen enhances cortical excitability and progesterone inhibits it. 18, 20 Attenuation of cortical arousal and orienting response as well as a slight decrease in aerobic capacity has been reported during the luteal phase. 37, 38 Increased alpha activity indicates decreased cortical activation like relaxation, fatigue or decreased anxiety. 24, 25 Increased beta activity after exercise is related to greater cortical activation. [26] [27] [28] Both alpha activity, in right frontal, bilateral central regions, and beta activity, in temporal regions were decreased in females after exercise compared to males indicating that females seem less relaxed and their cortical activation is less than the males immediately after acute aerobic exercise during luteal phase of the menstrual cycle.
